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(54)TiUe: SEMICONDUCTOR MULTILAYER STRUCTURE HAVING INHOMOGENEOUS QUANTUM DOTS 




(57) Abstract: A semiconductor multilayer structure (1) having inhomogeneous 
quantum dots not requiring lattice strain when formed is a double hetero-junction 
structure where cladding layers (5, 6, 16) having wider bandgap widths than that of 
an active layer (3) are formed in multilayer on both sides of the active layer (3). The 
active layer (3) includes at least one layer composed of inhomogeneous quantum 
dots (2) not requiring lattice strain when formed. The inhomogeneous quantum 
dot layer (2) is composed of inhomogeneous quantum dots having either or both 
of different sizes and compositions and comprising a compound semiconductor. A 
light-emitting diode (15, 15' ), a semiconductor laser diode (20), and semiconduc- 
tor optica] amplifier (30) each have a semiconductor multilayer structure (1,1' ) 
having inhomogeneous quantum dots. Light emission and light amplification with 
wide wavelength range are possible. 
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Y. Arakawaftk 1 S "Multidimensional quantum well laser and temperature 
dependence of its threshold current" Appl. Phys. Lett., 1982, Vol.40, pp 
.939-941 ; 

M. Asadafte2^ " Gain and threshold of three-dimensional quantum-box 
lasers". IEEE, J. Quantum Electron. , 1986. QE-22, pp. 1915-1921 ; 
L J. Vahala, "Quantum-box fabrication tolerance and size limits in sem 
iconductor and their effect on optical gain". IEEE. J. Quantum Electron. 
. 1988. QE-24, pp. 523-530 ; 
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a novel methods to suppress optical phonon scattering in semiconductors 
Jpn. J. Appl. Phys.. 1989. Vol.28, pp. L134-L136 o 
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V^T^^ig{CJl^j]LT^,^^ (^J;t«. N. Kirstaedterfte 1 2^ " Low thresh 
old, large To injection las-er emission from (InGa)As quantum dots", Eie 
ctron Lett., 1994, Vol.30, pp. 1416-1417^ RXf K. Kamathfte4^ " Room tem 
perature operation of Ino. 4Gao. eAs/ GaAs self-organised quantum dot lase 
rs". Electron Lett., 1996. Vol.32, pp. 1374-1375 #M) » 

K -y h ^'^^mLn\.z.n-r>^mmmmim^m^fz^mtmm^m^^m. 

tm^-^nx^ 0 > GaAs W^\z.^<omt^^m.l- Y^vVt UT^ I n a s ^ 
/■cliinx Ga.-x As(^M^K'y h?rS-K^:g, ^fcli. Jl^e^fiS^^t/ 

@cDM^j:-i,M^K.y h tLT, I nx Gai-x A s K -y h S -K^S:5^ 
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mia{3*Jtt-S7;i- ;^.y-l2>X (Photo Luminescence) 
(Dmm:^m^^nx\,^^ (Y. Nonogakl fte4^, " I nAs dots grown on InP 
(001) by droplet hetero-epi taxy using OMVPB". Mat. Sci. & Eng. 1998, Vo 
I. B51. pp. 118-121#M) o 
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ttiK). $ hizm.w^(D^ib^mmitm7b^:k^ < ti':>x\,^^ t\.^^mmyb^^^o 

^fz^ m.W^o)mmmM^<i;^t^< tiimf\^±t:k^<^ LDg#:©t^«m;tii: 

0 4). |g^+^s*^f> 1 0 oi^&L±(Dmm'mtfx^^ t\,^^mmi)^^^o $f>i^. t. 
tz^ EDFAti. E rmbujfty T ^ ^<^m^^x\.^^(Dx\ /m^z^mm^^^ 
t^^omm^^^4>. ttz^ m.^(Dvv^'^y^-tm^m^^tzm^f^-m^iz^^> 

WPm^mmx ^ F <y h C7).|a^fj: irtzpg^^N*^ O . G a a s O^tcii. 

1 nAsO«^F-y MCcfcO 1 . 3 /zmJ; 0 ^)^V^^S:gC0^3t;6^*||:K$nTl^^ 
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) S'lMt^. InP, AK In-x As (iilT% x = 0-. 2 7-0 

. 6 5-efeO^ :^S^c*5^j■^^^J^lIli;6^*0. 9 5eV~l. 9eV), G 

ax I n.-x Asy P,-y C^^LX\ 0<x< IX^i)^ 0<y< 1 "efe^^ ) 
, A 1 u G av I nw As u + v + w= 1 X$>*)^ ^^^{iiiJtt 

'i>»J^ti*^* 0 . 9 5 e V~ 1 . 9 e V) £D^pIn5&^ 1 o-e^-g, i:;6W* b^,^o 

K«y Mil nAs^fctiGax In,-xAs (iIilT% 0<x^0. 6)-?? 
*0.?S#Jl«Alx I n,-x As (;iCT% x = 0. 2 7-0. 4 0-e$)0> 
56^-::'. :^^{i:*^{j■^^^J^lpi;^,^'0 . 9 5 e V~ 1 . 2 4 e V) ttzl,tA 1 u G a 
V I nw As (:l:ix\ u + v + w= IT-feO. ^^-o. :^^a{i*>^^^^J5^l{lS;6^* 
0. 9 5 eV~l. 2 4 eV) T*fe«5. KJiliA 1 x I n,-x As 

T% x=0. 4 2~0. A8X^^.ti'^-^^mMil<z^i>f^mmmU:bn. 3eV 
~1 . 4 6 e V) ttcltA 1 X Gay I riz As (Z.:lX\ x+y + z= 1 T*$, 

K). ^-^^ muizis^f^mfmmTbn. 3ev~i. 4 e ev) -e^ntf 
tfz. ^^m(o:fi^-fJ:m^\fyh^mi-s^^mimmm^t^m\^^tzm^r^ 
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X As (iieiT^ x = 0. 2 7-0. 4 OT^^O. :^^{C*5lj-§«$iJ^iPs 
*^'0. 9 5eV-l. 24eV) l^tzltAU Ga. In. As u + 

v + w=lT*^0> ^^gt^^^lt-S^^milii^d^'O. 95eV~l. 24eV 
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m^t^Q. 9 5eV~l. 2 4eV) */cC±A U Gav In. As (iCT* 
, u + v + w=lT^^O. ^^g{c:4bnt^»J^^||>i;6^*0. 95eV~l. 2 

4eV) -t?^^). ^7.y KilliAlx In,-x As Uz.X^^ iicT% x = 0. 
4 2-0. 4 8T*^0. ^?a^^:^nt^^^J^^lS;6n. 3eV~l. 46e 

V) ^yc{±Alx Ga. In. As (iiCT% x + y + z=lr«^0. ;6^o. M 
'<M.^z^\i^mmmi^^ 1 . 3 e V~ 1 . 4 6 e V) -^^ntf tfc. ^ftg 

tfz. '^mi^mmM^CDmmit l nPr-^ K«y Mi I nAs ^^ctiG 

ax In.-x As (iiiiT% 0<x^0. 6) T^feO. ^^ItAU I n,-x 
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feO. KlitiAl , I m-x As Clil-e. x = 0. 4 2~0. 4 8 "efe 

0 > t^-o^ ^Ulzisif^mm^m^^ 1 . 3 e V~ 1 . 4 6 e V) ttzltA 1 x G 
a, In^As (dilT^ x + y + z= lT'^0. ^iStdiJe^^^J^^iflg 
tn. SeV-'l. 4 6eV) T*$»n{fJ:V\ ^^^mTbm 
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T>(Dm^B^-m^(Dm^^t. >^fx(^)gs^McDM^l^^^■rm■?^*)'So 

mi 9t±. mi 8<7)#^^jl(Z):^x{it|g^M^^-^^-tr^<g>„ 

m 2 Hi. *^Bjo:;f;i^-^j:»:f K<y h ^^i-^^mmmm^^m^^tzL E 

m 2 2 ti. Hife^J 3 ©^1^— /^i:*^ K^y h^3t^fflv^/-c¥ig#:^Ji;^3tcDigfp 
m 2 3 li. 3 (D^m—tmi^ h*yhm ^mm^^ >d^^Ky^ ;l/^:S^*T*^ 

m 2 4 ti. 3 ^^*5V^T. TM I n^t^l^ft K «y hlt^tcDM 
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0. zeGao. 21 I no. 53A s -€-LT. yfi^—tJ:M.^ K^y hH 2 t± I nA s ^ffl 

h jS 2 * 1 JSi^±(7)^P36N f,^ 0lj;it^^ 2 0 l^tz^fi^—tjim.^ K h il 4 $r 

*I^BJ©^^#^^jt 1,1' i;:*5v>T{i. fi? K 2 ^ffMI-'S^* 

0t. t&^Mld J;^*S^:?^^t±*3*5tr:fa i %~ 3 . 5 ^j^if^ig^-^^n 

•t^Zt^^l:^^^, K>y hJi2^Wr'I.S'l4®4(3D:^^±||-/^j:«^K 

'yh=P?t2{i. InAsmtiiGa, Irii-^As (^d-e, 0<x^0. 6) 

tfz^ ^±^-ncS?K»y h«5i2 <fcD ^)m$lJ^lIISO^#l^^##jg3;6^^>^cj:^ 
^g'^4JS4^3*>%^TC±. ^^J^ijii(D;*;§(,^^##:J13(^^/fJ|Kf^bTt±. InP. A 
Ix In,-, As (iIilT% x=0. 2 7~0. 6 5 T-^ 0 . ^^^{iiJtj- 
-S^^J^||>S75^*0. 9 5eV~l. 9eV) . Ga, In,-x As. P,., U;l 
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-e. 0<x< 0<y< lT**^o ) . Alu Gav I nw As (Clil 

•e. u + v + w=lt?^0. m?a^^:*>n^^»lJ^||lS*^*0. 9 5eV~l. 

9eV) ©Mn*^l-^5•ffll^^^^l*^^T*t-i.„ ±l5cDii^oa=ISl±. In 

y K)g 5 . 6 ®M#f^t*. 4 J: J) < . JS^^©^An*^**J^5 J:-?-, 

0. 1 5Ja^±-e*-i>;L^;;6^^;y6g§l;^2^i6®/•ci6^3$f^Uv^„ ^^«yKji5. 6 ti. 
A 1 X I n.-x As x = 0. 42 — 0. 4 8-e$>0. 

m?a{^i3tj-^li$ij^i|i;6n . 3eV~l. 4 6 e V) */i{iA 1 X Gay In. 
As (^izr\ x + y + z= l-^$>0. M^aid^bnt'S^^mipi^N' 1 . 3 e 
V~l . 4 6 eV) tSiif^mmx-^^. m^l>t. a l o. 4oGao. 07 I no. saAs 

^"yy h*m5, 6 t^^m it^hti.^ y-r)V^'r umM<D/ > KiP^{c*5 l,>T 

-S^M ti. ^i^^d; < h ^^^^^t±;fc*5i,^^ 1 %~ 3 . 5 %J^(P*3jfift(D Z-h-^k 
TT^-to * fc^ :f i^— K h Ji 2 ^^ir^m^ 4 ^7 7 'y KJg 5 , 6 
^|i4i:bTli. I nPJ;D=f>^mi|i©:^:tv>I I \ -Ymt-^^^mWx^^G 

aN, A IN. inn^^\,>\tz.nih<Dit-^m^mw(Dm^B. i^tcit^ z.t\,ho^ 

fc;^ =&:^flgf ^ :i i: ;6^'-e ^ ^ , n J: 0 > ^tM^ K «y h 
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^3 (A) ^3*5V^T. *^K,yhti, xyz;^fpIf::Lx, Ly. Lz(>D^^^ 

1 OH^^T. p. 7 l#Mo ) o 

E (n, m, 1) = (h== XSk' m*) { (nTu/Lz) ^ 

+ (m;r/Ly) " + (Ik/Lx) ' } (i) 

n=m=l = l(^Sigt^M^3^>%^T^i. Lx, Ly. L 

:7^±ll-/j:fi^K>y hJi2{i. Lx. Ly. L z *^*-en^n^:f^^^#LTl^^o 

K'yMS2tiGax In,-, A s fjit^mm^^^^mmizm^ji^m 2 ^Ml^-t^;i 

t-C\ ±IH ( 1 ) ^^(Dm*^mit:^-^n^^ ttz, ;T^±^-«^K'y h;6>'Ga, 

^®M^x*Wj:-:>-r^)j;i,\ 

1213 (B) #M) o z(Dm. yfi^-tm^h'y hmzit. ^<^mt:mMM^-r 
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1214 (A) {3*5l>T. ?g'l4J»4(D{5#^:amffi«^^^. nM^^'y Kg 5 ^ 

Ec . AEv t-t^o 

-ilT% ^mi^t^^^m^mS^A l ». .eCao. I no. 53A s ^t- 

^iIt;6N*T^#^, ^fc, pl[^nM©^^.y FJi5. 6 t^A 1 „. ,„G a o. or I n 
0. saAs ^•r^iIa:;6^'T'^^„ JlO^^tzCi. A 1 „. ^eGao. 21 I no. saAs h 
A 1 0. 4oGao. 07 I no. ssAsO^^J^ISti, ^n-eni . 1 8 e V, 1. 4 3 

04 (B) li. ^■/>'l-^7^n^'^0@^^:^:?^>^-[^l^^ 4 (7)®^^;6n\ 

i?7'y Kg (5. 6) <fc'5^)®#f^^*^'An;^§V^ii:;6^^>, 5feCDr^L;iAa6fFffl 
d^'^LJ-So A 1 0. 26Gao. 2. I no. 53AS ^A 1 0. 4oGao. 07 I no. saAsCD® 
i^mit^ ^n^^ti. 3 . 3 5 . 3 . 2 0 -e*^CDT% An=0, 15T*fe^„ 

1114 (c) ^±+i'yT^il|l^[^o-e«»^aAbfc^^©^:)fe^#l^^,LTv^^„ 

nMi^^-y KS5*Nt>^a$tifc«?i. pMi^^.y KM 6 )6^^,?^A$tlfeiE?L^d: 
> S'l±^4{3^i;^i6f>n^„ eiilTN ?gttjl4 0M»N*nM^7«y KJ15 ip 

'IM 4 K «y h^^t 1 <DmL(Dm^3L^)]y^-m^ 9 ^^vxm^ 

■t^Z.tlz^^^ :^i^-tj:Mt^h*y hm^Zt^i^cD^^l OTb^^m-t^. tfz^ 
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mt^o >Fi^-tj:m=?' K y mmz^^h^^ 1 0 :^i^~t^m.^ K h^^t l 

mz. ^^m(D:^i^-tjim^}^*.y^:tmt^^^mmmm^^m^^fzLEj)iz 
iDBti. ^^mizi^^m2(Dmk(Dmmiz^;^^i^—fj:m.'^[^'^y ht:^-r^^ 

•t^^m^mmm^v ^^mm^ti-c^,^^^ nm^mi^mmi itpm^m^m 

JilBLED 1 5 0^^iit±, mA.I,t^ m^^<2 5 0 //m~5 0 0 /im-e:^^j^ 
mmm^Uxi 0'«~lxi CcmOnMlnP^Jlf 1 1 ±(3/N*.y 7 tM^j^j: 

^nm^m^mi tLx:fmmmm^ux i o'^-sx i ccm-'oi np^ 

0. 0 0 1 um'-'Z um. y^m—t^M^Vy V^^-t^^<^^mA^O. 1 um-^ 
3 /zm. pM^##:jl8 i:UT 1 x 1 0 "-5 x 1 0 cm-'©pM I nP^O 

iDti^^itiz^^^ m^^m<D^\,^0^m<DLEDm^i Ayb^^m-t^o hcol 

1 7 
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nM^#^^i i ^/N'.y7TJ12 l i:p+ M^##jl2 2{ilili;^ 

^Til^^T*^. iI®li$IJ^|ii<£-E, 1 -So ^tz. nMi?7'y K@5 tpM 
V <y 6 ©^^J^i|ii:6^E , 2 . ?g#S(7)¥##jl 3 c^^$lJ^^i;6^'E , 3 . ^ 
i^-tm^ K «y h ?^^^■r-S^i»#©^flJ^^^i;6^'E 3 4 T-fe^ ii-T-i. 
^U<Dmmit. E, 1>E, 2>E, 3>E, AX-$>nit^\.\ 

. M^^®2 2{3«. p- m^m^mz 2±izmm^nfzmmm2 3 
tiTv>^„ nM^##»^i 1. /s\y7 7jp2 1. m^mi^m2 2it. mi^ 

D 1 5 tmti:^(Dit. :^m~fjim^h'y \^m^^^t.^^mAizmmm^vx 
^•^-i>^9icp+ m^^mi^m2 2<Dyjr-^y^mm^y^h^-c:rmm2 AtLtz 

1 8 
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^mttii^mm2 5. 2 6^mirx\,^^ztx*;^^ (iii7#M) o me 
iz^-tLDz ocomjkit^ T>m(^^—^ y ^wm^:^ h'p^y'mjmz a t i^t£\,^ 
T% m^mmizmf^mmt-tnit. led 1 b(Dm>tt^^:Lti,r-^^o 

±I3L D 2 0 (Dmmmmt. mXlt. i¥^:6^' 2 5 0 /zm~ 5 0 0 //mT^;F^t/ 
mSj6nxl C'-lxi 0 '"cm-'OnMl nPS^Kl- /<.y7T^2 
1 tLX^mmmmtiU x 1 0 '^-5 x 1 0 "cm-'®nMl nP^O. 0 0 1 
um-Zum, nm.^=7-j KJl 5 i: LT:^Mt)^JK;6M xi 0''~5xi O'^c 
m-^cDnMA 1 ». 4oGao. 07 I no. ssAs ^0. 5 wm~3 //m. mm.-t^m^ 

^"^m^'Z^t \.t^\,^7r^i^~um.=f 2 1*. i n a s ^m^^^xmm.x.mm 

^*S(^;^^VN^«^JS3hLT«Al 0. G ao. ov I n„. saA s =^fflv>T. 

iiLTlxi 0-~5xi 0-cm-cDpMAl„.,„Gao.07ln„..3As^0 
. 5//ni~3 jum. p+ M^^g#J12 2 ^ bT 1 X 1 0 ' »- 5 x 1 0 '"cm-'CD 

®2 5. 2 6<^#r?iMT'ffM$n'l.57-{3j:D-7T7'U--;n-it|g||;^;(^^l^ 
Lxm^-t^ ^Ltlz^i), :^i^~tm=T K y h ^^CDipfe>6^ f>^^ l.tzm\ :^ 

mwam^n. :^i^~tji&^ ^ hmm^m-t^^^'tmicDmmxiuj^t^^n 

^^(3, LD2 0{i:gfE-rm^$rtiiD$-i±<i>^. 7fcdi;(7{iJi;[jnU ^WM.X^ i)^ 

1 9 
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1 m^mi^m2 2i,mu^m^r^]$tx^. ^KDmmmM^Es 1 t-r^ 

„ * fc, nM ^ «y K JS 5 p M 7 >y F® 6 ®mij^ilii)6^' E « 2 . ^gft®©^ 

##]s 3 ®m^lJ^l|li75^'E « 3 . :^i^—tm'f K -y h ^M^i- ^ ^mi^comu^m 

36^'E, 4T»^-i,^-r^t, ^^J^i|icDM#li, Ek 1>E, 2>E, 3>E, 4 
gP^6^l3igl:tTi,>^„ 3tl*:^^®^«M{3ti:. ^IMj1:J^3 3, 3 4 

2 0 
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yyrmz 1 tVX^m.mmmi)nx 1 0'^~5X 1 0 "cm-'CDnMI nP^^ 
0.001 /zm~ 2 urn, nm^'py h'Mb t L'X:f^m^^^jb^ l x 1 0 ' ^~ 5 
X 1 0'«cin-'®nMAl 0. 4oGao. orl no. saAs^O. 5//m~3/im. :^ 
i^-tm^ K'y hmzit. I n A s ^fflV^T?^^L^^J^l|i©:^tv^^##:® 3 
tLXltA 1 0. 26Gao. 2, I no. 53As^ffl^,^T. ?fM•r'g>I^^^It&^M^i^^M^: 

^'®6i:LTlxl 0-~5xi 0-cm-©pMAlo.4oGao.oTlno. 
saAs^rO. 5 //m~3 /im. p+ 2 2^LTlxiO"~5xiO 

"'cm-'(Z)pMl nP>£-0. 5/im~5//m. Hii^^ H'^ + i/ 

^^^m&(^xmj^3 b^xm^-^^t^ xmyt3 bit^ ^mm<D^mi^m$m 
ti3 o<D\H^^mM-t^:itxi^i^^n. mm^z6 7b\ ^mz^m^n^zt 

mz.^ ±-^m^(^mm(Dj^mAo^^mw^m^(Dim.\.z.^\.^xmn-t^. 

n^o f/^o T. *^0^O^«#^^s^,Z)AI>f7t;5rinIOfi $ ti 0 . l mm*^ t> 1 

2 1 
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mijmx^^m^<Dm.M(Dmm^7jk-to }>xr. ^j:*? k «y h^m^^^m 
^m^mm(DmmmT*;^^o mi o (a) tei^N-rj;^ mmz< i o o 

(MBE^) ^fflV^T. mSlz^^LtzLED 1 5 ©lljfpig 4 2, E17{c^b 

/c L D 2 0 (Dmi'^m 4 3^^\,Htm2 izTjk i^tz^rn^^^^ 3 0 omi^m 4 4 

(D{5jn)6^0ifjfpJi^aitr^^i/i.;b^;5$-iJ:^, Jin^O|&fpjp4 2~4 4 CD?^ 
m^-t^ M 0 C V D^^ ^ l.ni^S'^IIJii tr 4^ i—^^^ffl b' 4. ^ 

MlnPJST*^^, nMl nPS^©JP$ti, 0. 2 5mm;6^^0. 5 5mmi@ 

mz^ mi 0 (B) -e^-r^fc-^t^, mr^mA 2<Dm±m<Dv>m.i npmiz^ p 

. ^Jib-CLED 1 5©^-5 >y i7«@4 5 ^&?fM1-'&o ^Z.X\ LD 2 O;^ 

n-en. xb^'i'y^?tt^pji:^-^.y^ii@4 6, 4 7 s-j^^-r-So 

nio (c) XTjki-^^iz^ nminpmmi K^mmiz^ ^-^^y^ 

m^-^ V ^mmi s ^m^-r^, z.z.x^ ld 2 0 t^m^Mt^mz o<Dm 

2 2 
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i9f0iDX^ffll>TI nP^4 l(^J?$?rl 0 0 //m^JK{3^< LT:fc< „ 

L E D 1 5 ©it^tcti. ^BiijT:)^ i^Mlalfe-r ir^ > K x ^ ^ 

^mLxh^^\ ttz^ ^mi^^mmms o(Dm^i,zi,t^ ld 2 o tmmiz^ m 

0. 4oGao. 07 1 no. 53AS ^fflVN, ?]^^■r^^^^:t&?M^iK>>^^L^j:l^;F:^^— ni: 
K^y hJl 2 I nA s ?rffiV^TffMb. ^^J^i|iS©:;fc;tV^^##:P 3 ^ UT 
tiAl 0. 26G ao. 21 I no. ssAs^fflv^T. ^i^— K -y h^2^Wt"'S?S 
'l4J14$r^^-r^^{zoi>T|Ji0^-r^o nil 1 (A) J; ^ m^z^ 
MOCVD?i>grffll>T. ^J^tf, < 1 0 0 >:^[Rl^M:^{3i^-r'i> nMi^^^ «y KIS 
5 A 1 0. aoGao. 21 I no. izAsMZ at:. nM I nPS^ (Igl^-fr-f) 

^^t-> I n A s ^m\>^fz:m—fi^m'^ K ^y 2 l Si*. I n ^ 

#t?W1t^M#X/flt$:m^0^*^B'f^B#r«-rei^(3j:O. A 1 o. ^oGao. 2. 
I no. saAsiia a±{c:. I nO|^?g^^WMt-'i>o As^-^t^mW^ 

^iH— K 'y h JS 2 a ^f^fo^ir^ i ;6>*-Z? t -1. (HI 1 1 ( B ) #M) o 

^OS^K-y h 1 9±{;:A 1 0. 26 G a 0. 2 1 I no. siAsM 3 bt:m^it 
5 — 1 0 nmit^-T'So ^KD^^fplz^ *^K«y h 1 9 li> nM^^-y K®5:R 

2 3 
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t>'A 1 0. zeGao. 21 I no. 53Asji3 b> ^tl'h<t^^m<^o:)mii^7tm(^^l^ 
h^mcDGatlif^^t^^ Inx Ga^ As (ilC:T% x + y=l) tiifo^mjo^t 

■^t^iz^ A 1 0. zeGao. 21 I no. bzAsBS c <^^^<7)1P${c:^S$-&t, fi^ 

^LT, mi I (B) {wT^-rJ;•9(::. ±IS(^a^r>y hji2 a(D±iz^ mi 1 
(A) T^IJ40^L/-cJ:-9{c I n^Mi:. A 1 o. 26Gao. 21 I no. ssAsjg 3 d i:?: 
?fMU. $^Wffi{bO/iie)©Al 0. 26Gao. 2. I no. 53AS sjp3 e ^im^ 

mi I (C) {wTn-T cfc -9 ^±^-^j;«iFK«y h«?^ 2 n %5TMLfc 

m^mmmm^m\^^tzL EDo^mmijmizjzriif, mym.m(Dij:\^^^^^^ ^- 
v^m^(Dmjftr^:t- h'o:)mMiDmtim\.x!Wi,zxM^mi-:Ltt^<^ mm 

^^tihD(Dm^-^mzxn\.t. mk(o^mm^m-t ^ l d ^^«c7)L DoMit 
ismttmir^ m^^fmmi^t£tiz^;h^^mm^m^^x\.^tj:\,^(Dx. 



2 4 
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mi^mm(Dmk:^mzm\>^^ m o c v Dmiz-Di^xmrn^^o 

^RiJSW5 1 {j:#t|^$n^#xti. m^j^^m^ae o ^ifYLxmn^nx, mis 
x^^g 6 1 T-Ma $ n ^ o 

l^MI^0|igAD^g 5 4 , M3|4iSA^ 5 5 . X^ifM^M 6 0 . J^^xMS^ 

®6 1 . ^-x^i^iF.? ^n-en. um^m.^ 2f^i^(Dfmm^^ 2 a. e 

2b. 62c. 62 d. 6 2 e {ci; O^iJ^^tl^o 

>tfx#t^^ 7 0 ^:I^^v^T, m3f!4<^7jc^#x 7 1 ti. ymmmM.! 2 te: J: 01* 
M^n-So liM$nfc7j<^#X7 3;6^ InP. AUGa. In. As(C3 
T%x + y + z= l), InAs O^^^tc^ t:^^#;5r#t>-W*i^M#X 

iieiT% I I im^mx^^Al, Ga, Int. Vi^^T'S.'i. A s . Pt 

(hy^^;UT;l^5^'>A, Al (CHs ) 8 ) . TEGa ( h U U 
A, Ga (Ca Hs ) 3 ) . TM I n ( h U ^ Vi^-^A, In (CH3 ) 

3 ) . DEZn {V=^=f-)WJy':7. Zn (C2 Hb ) 2 ) , TBAs (iJ^-v'i' 
U7>;UT;b>'>. t-C4 H, AsH2 ) . TBP (^S'-i^i' U 

2 5 



wo 2004/055900 



PCT/JP2003/007577 



t-C4 H, PHz ) yj:if^mm-t^^t7b^X-^;ho 
TMAl. TEGa. TMIn, DEZn(D^if:^mmmm7 A , 75, 76 

5 1 alzim^n^o TBAsC^. T B A s #X^iJ^^g 7 9 ^ i) ^^M^mm 
1 ^iloT5^Rj^FW®^5 1 a{3#t;^$n'5„ TBPti, TB 

c: iiT% mm^m(Difyi.mmm.m 74-77, 79, 82 li. iii4?:iix^-r'S 

m^mm-t^ ^ X 7 a - n > h □ - ^ / ^';^■7'7^j: ^;6> f>^^ $ tlT l,^ ^ « 
;U7Vd:ir;6^^1t^$nTV^^o iin^>©#xaij#^g ( 7 4-7 7, 7 9. 8 2 

, 8 4 , 8 6 ) ti. mmmmQ z<DMmm^G 2 et^j^Ox 

M0CVD^M5 0{;iJ:^^l^-nj:S? K'V h ^Wt" i.^a»#:iSJl«)^ 

2 ^M3^^iS:A^ 5 5 t^ih^B^^mm 5 1 ©-9-fe7'^ 5 3 ^IHML. ^S^^W 5 
1 ^ffi^o^mMh-t^. ikiz^ ^i'yT*'XT*fe«MM$n/-c7Km#X7 3^5 
^.KJ^?W5 nc:gSEL> I nP^5 2^f^mumx^^5 0 0r55^e>6 5 OtS 
JK{3, i^jiI^^;(iDM^a 5 4 {del: 0 Aof^^-T^o c: d-e^ In PS^S 5 2 CD?a 
0 Ott^/jt^fc^, I nP^^5 2i}-^'^(DPmm^m±-t^fzisb{zTBP 

#X^J^^g ( 7 4 ~ 7 7 . 7 9. 8 2, 8 4 , 8 6 ) ;6^^>, Bf^CD*" 

2 6 
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0.0 7 



InP. InAs. A 1 o. .eG ao. a, I n„. saAs . Al 
0. 4oGao. 07 1 no. s3AsO,^^^:S^^T-5 c:^:J6^'l?t'S„ z:iX\ InP^:R 
(^mn:^y^tLX, TMIn. TBP. nMl nP<D^m!^tLX^ i^iz^ H3 
S^mmf^h\ ttz^ pmi nP^j^-m^^^m^lzit^ D E Z n ^^-iJrtf ct 
^\ ^tz^ A 1 0. 2«Gao. 2. I no. saAs^A 1 0. 4oGao. 07 I no. ssAs^S 
mm^^tLX. TMAl, TEGa. TM I n, TBAs^ffll,>^„ nMt 

pM<7)A1o. 26Gao. 2, Ino. 58As-^Alo. 4oGao. o7lno. saAscD^glc: 

iJv^Tti, ^n^n. H 2S. DEZn^ii^jo-rn(fj;v^ 

^(^i]um^t. mm^m^y^. Uz s^xco^^^^j^-r^d^-e. inp« 

InP. InAs, Alo.26Gao.2,Ino.53As. Alo.^oGa 
I no. ^^Astj:if(DJL\i'^:3f^iy^,uj5^^^^^0Zt7b^X^;S>. ^(D^olzLX^ 
M 0 C V Dm^m^^X^^m(D:^i^-tm^ K «y H 

<fe oT I n P«^{3 InAs cD:f±^-y^j:M:? K 'V h^tit^ff^^-T^Jg-a-tiiti, 

^^0^:5^:5 0 oic*^^5 6 o'ccDmmxno ^ tiz^^ , mmm^H(D^i^mm 

*M 0 nm. ^(Dm^^^7nmmmx. ^\H^^7b<3 X 1 0 ' ° c m-'^^CD. 

eiciT% Tf^i^-tjiM.^ y hmmcD-^mtmp^^m^t. afm (Ji^Peg;^?^ 
' (ommmiZ'Di.^xmMir^. mocvd^®i±. mi 2xm,m\.tzmm. 



2 7 
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m^i^S 5 0 //m-e«^ajK4 X 1 0 "cm-'OD (10 0) M^WT'l.nMl 
mbb/HTK^^-X? 3^5^^W5 nc^U ^®ttODj±;f7«-7 6Tor r 

(Dm.^umt^ if^^oDWimom^^^Trs-rmx-^:^, mi s (a) (ommt^^Bi^ 
m^m a) T-^o. mi 3 (B) ®$t$iiici#x#^j^^?&-iiif,@MOT'^bT 

TV^'So ilCl'^^slmCstandard liter per minut 
e) It. L (U«y h;i.= 1 0 0 0 cm^ ) /^X. 0 "C {iI^^V^T. 1 0 1 3 hP 

X 1 0 "cm-'OnMl nPS^l 1±{j:^ >'^*«y Vt® 7 i:LT4 x l 0 
"cm-'OnMl nP^, ^^g^SjgS 3 OlC-^. TMI n. TBP, Hb S 
V^Tl 0 0 nm^S^-yr/i (01 3 (A) a)a) o iO^i^CD, TMI n, TB 
P. Hz S c^#t^^4ti, -eti^ni . 6 8xl0-^mol (^;b) 3. 
3 8 x 1 0-«mo l/#. 1. 6 7 X 1 O-'mo l/#T*^-5/Co 

lL^X\ TMIn, Uz S<D^m^W±V. TBPSr^b. ?^ti:TBPcD#^$& 
$:il:«>fc„ 1 ^FJ^— ncM^ K-y h^^t^: LT. S^l^TM I n 

<£:4#^U I n^M$-JfMb/c„ TM I nO#t^^^iJbbT. 1 

{iiTBAs^l 0#gfSb. TBAs?:#±b/io 

(^^{-. l#Miib/-cmT*#|!JlcTBP^^U ^5<Ct3TMIn§:mu I nP 

13 (A) ©b)o C10^^<7)TMI n. TBP, TB A s OD#t^'af£MCi. ^tl 
-en> 1. 6 8 X 1 l/#. 3. 3 8 x 1 Q -Omo 1 3. 38x 

1 0-«mo 1 yf}, -e^ofco 

^S^. TMI nco#^;^^#j[l:b-rTBPfcl«L. I nPS*gO'<aj^$-^^<^ 

2 8 
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//mx 1 x/m©M«-e$,0. ^1 4 (B) C^^^b/c^M^.T-.f Hl-e* 

<7):^^$$r/Ts-rgI-efe<i,„ HO^Iifi, «?K>y h<^j^:g^[Rl®lP^ (nm) T» 
^0. ^$4tii^SM®afl (nm) T-^^^ ^±||— ;^tM^ K«y h«3t©ct3(cti^ 
$^MN$^^«^K«y hi, ;«s:t/j:»?K'y hib^^-t^hz. t^^^i)^;i>. eiciT' 
. /J^$ K «y h ;^£4^ K 'y h t^>MP^^JKl±. -^ti-Pn. 3 X 1 0 "> c 

m-^ 3X10" cm-*T«feo^c„ 

®. /h$^j:K-y b^^^l#^i^$cD:$^':^^?:^^-r|liT*$,«&e ^1 6 (A) itmm^^ 

016 (B) mMntrnm^Tr^l^x^^^b. 
^K-y h®|fi^{i2 0nm*^^>7 5 nm@J^<^)^^;6^*fe 0 . ¥±lliSfI«4 0 nm 
T'feo^Co $^>{3, ^(Dm-^lt2nmt^i^ 1 6 nm?iJ^©^:?lJ;6^'^ 0 . ¥±lli^$ 
I,t7 nmX^-otz^ -7^, K >y hOilMti, 1 3 5nm*^^> 1 7 On 

m@^O^:m;6^'^0. ^i^itmi 6 0 nmT**.o/'Co -e®l^$ti4 7 

nm*^f> 6 0 nmmm(D^m^^*). W-i^m^ltb 5 nmT**-:,/-c„ nc*?. JifH 

-tm"?- K>y hm^tTbrn^ntco 

L) ^7t?t^ aijSg^0) aiAti^^^fi (nm) T-^^, 

fi^ F 'y b1t^^?:W^^^##«^^^t 1 ' iz^ mimmcD 4 0 0 mWCDA r U 



2 9 



wo 2004/05S900 ^^r^.^ 
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—9*7^ (M^5 14. 5nm) ^miLxm^^n-^fz, ^fi^-tlML^V^y hm 
.V h^^^«-W1-^^i»#aJ11i^g 1 ' 1 2 0 0 nin;6^^> 17 0 0 

(m^m 2 ) 

EI 5 izTTs Ltz^i^-fm^ K h ^^ir^^mmmm^k^m^^tzL e d 1 5 
i^t^mmi^m^^tz. 

±i3L E D 1 5 (Dmmmmt. ^6^^ 2 5 0 /i m~ 5 0 0 m-t?^,^ 

mmm^nxi 0'«~lxi 0 -cmcDnMl nPSlSl l±(CnM¥##:®7 
i: bT^F^i^^^^n X 1 0'^~5xi 0^»cm-(7)InP^0. 0 0 1 i/m~ 

4$r0. l^m~3/zm. pM^##:S 8 i 1 x l o ■ 5 x l Q > » c m"' 
®PMI nPtrO. 5 A^m~5//m©J¥<?^T^ lf[I^^Jti«$^i:^ ^ ^{3 j; OffMb 

Au Z n-^^^fflt^TJj^^LfCo 

(^isfib^^ms^^^ CO -r^feo. Ell 8 (B) 
•^^^m^mm^^si^tzmx^^So mmo^mmt. mo i/#t*^-5„ c^tvjc^ 
^iiT% LED 1 5(i. 1 cD;Fi^-/j:fi:jF K «y hmm^mi'fi-^m-mx 

O^m^X^.mmz^ TUln<Dm^^W±L^ ThP^^^l^tz^tX^ In? 



3 0 
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•ti>ZtX\ 2 Azm^:R$-li:fc (01 8 (A) (Dc) „ ilCDt^©. TM I n. 
TBP, DEZnCDm^Wtmit. ^n^^ti. 1. 6 8 X 1 o-^mo 3. 
3 8x 1 O-'mo 9. 0 5 x 1 0 -mo 1 /^^-e^ofco 

im^. TMI niDEZn(0^*&^#jiiLT. TSPfflt'^U InPSIS 

M.i'h'yh^mir;h^m^mmm^i^m^^tcy:thr-(^-h\ ld. ^^-^ 

h;l'?:^st-|aT'$.^o E|{C*5V>T. (nm) T*^0> mmt 

^7^63iS?r^bT<,>^o ^5¥;^«0Dilil>&^LTv>-l>fa-^ (-1 I -) 

:^o^)^tg^^LTv^<s„ *^0^(7DLED 1 5 ^imm'mm^m\^^(Dx\ m. 

mi\mtGe • p i h^V^-K{3i:0fiJ^L. «^S#JfiP b S 7 ;i- h 

^- V{z.^ 0?g!l^L/-c„ Igl^N-r^^^x^i? h;n±, L E D 1 5 ^/nVUXIE 
iiU /ig^lRimgfE^ 1 0 A/cm" ti-^ih 1 1 0 A/cm' ® tCD^^X^^^ h 
;U-e$>i5. ^0^:^cZ)/N-;lxX^t±, ^^°;^X^i;6n 0 ms T% %m\^mikm^^ 

|g|/T^t-'S^^^3. L E D 1 5 0. 2 um\.z^.^ 

1 OA/cm* 1 OA/cm* ^X^^LXhmzHXx.^^Z.tib^ji^i}^^, 

n{f$^{ogiv^^,o-e^^„ ^^b^oled 1 5<^^7tMS{^:^±^ i np©^^ 

3 1 
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lJS0^L/-cJ:-9Ms$^^M^K«y VcDM^^mmt. A^^d:«?K'y hO-etl(3^L 

mmm 3 ) 

mmmx^:^^. mm\z. m2 2 ca) iztts^-^^^z^ m^t^^ 5 o/zmT^x 1 

0'«cm-O (1 0 0)M^W-r^S mmmmnminFW^l l_h{z, 
^N''y7TP2 lii;^j:^InP«rl OOnm. ^^.y KJl 5 I n„. s»G al 

41 A So. 89P0. 11®^ 1 0 0 nm. Mik^ UOCYY>mz^^ 6 2 Ot-^Jitr^ 

'C I n A s (DT^i^~t^M^ F -y hJi 2 a ^ 1 ®?f^^L/c, 'mt^m^lzit^ ^ 
tz (m^-tir-T) „ C:©J;-9{i:. ^?i^b-i5^4^i/^;b^-g?i:^ 5 3 o'C-etft^. # 
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^^VT^7.<D7mif:^l.tnmm\^As lmt?$>ofco ifc. TMIr^T 
BAsO#t*&Mmi. ^n^^ni. 0 1 X 1 o-»mo 1/^. 2. 0 1x10"^ 
mo 1 /^X-^-yfz, ttc^ I nO^^$:?^^-r^/-ca60TM I nO-f^^p^ii 
. 0 *N ^ 8 # ^ Lfco C i: -9 {j: LT^fp l.ti:^m~tmi' K h «at ^ffl ^^tz 

m 2 4 3 {z*5V>T. TM I n{it|^Mi::T;±^-^j:M^ K <y h^^^cDM 

^^Jl /^$^,^K•y hi:;^ti,>K^y h*N*?^^$nTl>^ii ^>6^'^;6^ 

'So /h^l^^K'y hOM^^ti, TMI nCDfJi|^H#PBl;6N\ Om-ih 2fPmmtX-it 
> itfe^a^(3JiiDL 1 . 7 X 1 0 c m-Hzm-r^^ TM I n©mB#^;6>* 2#;6> 

m^!mtvtj:^^m.^h'y h^i^m:-tszt:b^x^^^ ^o^^^izvx^mvtz 

mtxHmm^nriz^ im-i^z^o^mizmmmzmtui^z. 5x10" cm 
o^mmmtmmiz^ 2. 5x1 o» cm-^^T'lsfpt-^iIil;6^*^;6^'S, 

'&cfc-9te:iio^r^^gn (t 1) (Dmizmm:^^°^^iy^^;i.f^m-t^t^ /J^$v^K 
'y hfm(Djfm^-t^:it^^x^^^ LD^^mwm^mmizi3\.^x^ m^&^ 



3 3 
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(^^J4) 

^ bT'j: 7^j;M^ K v hmMM 2 a ^ l H, p M ^ ^ >y KjS 6 , p + 

-y KJ16(i. y>K-yi?^<y mi 6T'^)J:i^o -^UT. nM¥«#:«3|S 1 1 

\z\.tnm^-^y^wm\ 2tmm.^n^ p^ M^^sa 2{c:tipji;t-^, 
iJ'm^i Amm^n-z\r>^, m2 5(3/t^l/cled 1 5' o^^^tti. mmmz 

K-7"^^.y Kjgl6i:pMlnPJi2 2i:. ^mmx^tzmmx-^^. ttz^ z 

(^mmt. iii5T*^b/cLED 1 b(Dmmizi3\.^x. K^y hm^^ 

±f5LED 1 b(Dmmmmt. m^t^S 5 0 //m-e«^iijK4 x 1 0 '"cm-^ 

<^ ( 1 0 0) M=i:w-r^s mm) muo^nminprnmi i±iz^ ^^yyrm 

2 1 tfj:^ I nP^l 0 Onm. nMi^^^y h^MStt^^ I no. ssGao.^.As 
0. B9P0. iiMt: 1 0 0 nm. m<X. MOCVD^t^cfc 0 6 2 O'CT-Jibr^^^i^ir 

6 2 Ot(cLTMOCVD^^li:d;0.pM^^7.y KJi 6 t LT I no. ssG a o. 4 > 
Aso. 89P0. i\m^ 1 0 0 nmitSIU I n A s OD;T^i||— K 'y FJ12 a± 
%¥S<bL^c„ pMlnPJ12 2^1 0 Onma.t:-i5.4^i.^,;i.^-g^^t 

^tz. nm, pm(D:t-^y^mmi 2, 1 3ti. ^n^nAuGe-a-^, 

Au Z n-a-^^ffll^ATJ^^bfc, 
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^:t-KT^$>^. LED 1 5' C*/NVbX^|&$n. »(aim^*N*5 0 OmAcD^ 
t©^7fe;^-<^h;l.?:,x,LTl^^. LEDl 5' 2 mm x 2 mmfS^T^ 

«»5tmmi^l 0 OA/cm^ -^^^^^ -CDtt®/N";bx^ti. /s- 
;^Xl|IS;6^* 1 0 m s mM\^mmi7b< 5 0 H z 

ELmmt. 1. 8/zm?r4>.i>{3. i. l;(,m;6Nf,2. 2 /imCD^gCDjSi^^^X 

. ^^S^^^J^-'^KM? K'y hSrW'r-S^^^#:^^a^^;t^^L ED 1 5 ' >6^ 
1. l/im~2. 2 Aim<^^3fe*^*f#f,n-Sei^*N':9^56^-i.„ 

mmmi tmmiz^ led 1 5' ^MfpL/c^ led 1 5' <Dmmt. yf^mm 

^muVX.^f^,.^^., 1 6 ^LT. A 1 0. o I no. ^^KsmtVfc&.mt 

0 0) m^m-t^s mM) mmnminpmmi ^^^yrmz \t 

/.C^InP?-! OOnm. ^ > K-y ^ «y KS 1 6 ^ 1 0 0 nm. 
V>InAsC7);f;±|/-;^^M?K.y 1.JP2^1^. ^>K-7'^7.y KMl 6^1 0 
Onm. pMInPM2 25-2/im^JJ|M^«S$^fc:„ iliT% InAsOPPiti 
-^j:a?K.y ^M2«^?^:ct•^S^^t^^;^^S^{3J;r)^^$^^ fftoiitiMO 
CYDmx^m^^^tfz. mzut. mmm^lz^^^;^^ led l 5' t^lg^.^^ 
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«^{-. ^:S?m6 2 OtT% m^mmAXl O'^cm-^CDnMlnPS^l 
lid. ^^*•y•7 7^7^:UT/>K-7•I nP^. TMI n. TBP^ffii,>Tl 

0 Onm^S^-iir/cio C:©^#(7). TMIn, TB PO{it|^^a{i, -^n-Tti 1 
.68X1 3. 38x1 Q-^mo 1 o /c„ ^ii-r% T 

mzTBP(Dm^^±!!b^ TMAl, TMIn, TBAs^g^U A 1 o. w I n 
0. 53AS ^ 1 0 0 nm^m-^-^tZo Z-O^t^CD^ TMA 1 . TM I n, TBAs 

o)imm.mit. ^n^n i . e s x i o-^mo i (^ju) i . 67x10 

-"mol/^. 3. 3 8X 1 0-«mo l/#-t?^ofCo ilil-e. TMAl. TM 

1 n(Dim^W±l.^ TBAs ^'^Lm^i^mm^^ 5 3 ot:*Tw^au T 
BAs(D^^^ll:Ji>^o 

, TBAs©#t$§^M{i, ^n-en. l. 6 Sx l O-^mo l/#. 3. 3 8x 
1 0-«mo 1 

TMI n©t^^Sr#iiiLTTBAs?grm^^^/sf{^^L^c^T% $^>{z 
TMAl, TMIn<^0KLAlo. 4Tlno. 53As^l 0 nm^«$^±/^:„ CilT- 
. «?aS§rSt;6 8 rc\Z^U\^fzhZ.^X^^ ^hiz^ Al„.oIno.s3As 
^9 0nm^S$Hi-. TMIn, TMA 1 (^^^^jhtofco Z.Z.X^ TBAs^ 
mVt^ti^ihm^^m^Q 2 Orsm^au TBAsCD#t$&:&ihi6. $f>{3, ^ 
*fe^J2t|HlD^M®TMI n, TBP, D E Z n <&#^i|&bTpM I nPJP 2 2 ^ 

M^I^T-zfeO. (•) *^'Alo..rIno. 53AsJ:©InAsM^K<y hT^fe 
(O) *^*^*feM3©Ino.a9Gao.4.Aso.„Po.nJiOInAsS^ 
K«y h-p^-S. ^^J3^^I no. ssGao. ..Aso. ,3Po. n±OD^±||-;^^I nA 
K'y h ilSI^ttc, /h$ IN K«y hOM^mi> TM I n (5D{i^m^^*^* 0 
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^zfpmj^^r-itmMmzmtuo^ 3x10* cm-Hzm^-t^^ ttz. ruin 
(Dm^mr^^ zm-^^^A^tvtzt^iz^ /J^ $ k ^ v (ommmt 3x10" c 

m-'m&r*mi-t^:itt^^i}-^K). m^mZ<^lno. ssCao. -.iAso. 89P0. M 

^/ix 1 . 2(Dl nP±(D I nAsa^K'V hRXJ^mmmZ(Dl no. S9 

G ao. 4iAs 0. 89P0. ii-hcD I nAsM? F«y h /Jn$i,^ l^y h tti> 

i^sjg^-etiffMsn-rci. im^'^zfpcDmizmMmzmini^z, 5 

X 1 0» cm-ni^b-^O^T^tS^-r-SOti, llife^J3<7)I no. soGao. 4iAs 
0. 89P0. ii±(D I nAs»? K'y b i:|Rl1tCDMlRl-e^o/-c„ 

5l*fe^J5®LED 1 5' (Z)^^e^#'|•4{c:':?^,^-r|^iB^1-<?>o 1112 9 

EDI 5' ®m^aic:*5tj-^Ji|M:^i6i^iA^OEL^^X^^^ b;U^^f la-e^-So 
|gI{c*^l^T. (nm) . litfttiE L^^StJ^ ^^^b^:^,^^o 

^:R(Di|i?:^LTl>-g,i3^ (- I | -) (,t^ ^3¥;M:Rt^^^ft^^^bTV>-i.„ pj 
^{iffli,^/-c^ail|{i> Ge-p i nV;*- h^V:t-F-t?fe'§>o LEDl 5' tiH 

^ h;b5:^L.Tl,>'5.o LEDl 5* O^Ci 2 mmx 2 mm@Jg-e^'SO-??^ H 
^®JKti*^5 A/cm' -e^^o 
:^i^~Um.^ K «y h ^Tt^rWr-S LEDl 5 ' (DEL mmt. I. Au m}>A± 

0^7^li> A 1 0. 47 I no. BsAsCOiETLi: I n PCD«-? ^©^^{cii:^ 

-So c:®LED15' {zmmi't^^i^—tiim.'^b'yhmMlz^i^^x^ PhSy^ 

h :t- h'-^m^^tiFLmmz^4>^^:^^^ hmz^tnt. ^^3tJK®tr- 

^l,tm2. l/imT-$,0> ^2. 4/im^-e(7)^5fe56WJ$nAc » 
b/i>6^*^T. 5 ® E L^3t^:R|gBl{±, ZCDEL^^ (HI 2 0 #M 
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:loj^^ /hsrjiMTK'y V(Dmnmmt^ ±^t^m.=^Y^y V(D^in\.zM\^ 

^7t^^S(^SMSffiiJ^c7:)^fj(coiNTCi. A 1 0. 47 I no. ,zAs\zm.^ 

^OS^^Jl^;^4^--;6^*{£TbTV^^/ci^>^l^i^$ni> (±iH (1) o 
c:n*> :2^^0H(DA 1 0. 4 7 I n 0. 5 3 A s ±(^:?^±ll— ^'j: I n A s F h 
t-^LED 1 5' 1. 4//m~2. 4 junK^jA^i^^^^^Nlf^n-i) i ^;6^* 

imm\ 6 ) 

mwmmmm.^m\^^fz^mwi'-^9'-( k 2 o :;^t;^2g#:3tiii!!sif 3 0 o^m 

?gttJ13:&t;i7^'y KJ15. 6t±. ^n^n. Al 0. 26Gao. zx I no. saAs 
:Rt>*A l o. 47 I no. ssAs^ffll^fCo m^t^Z 5 0 x/m-e«^aj^4 x 1 0 '«c 
m.-'(D (10 0) M^W-r'i>S (^^) ^^^;0(7)nM I nFmm \ \±.\z^ ^^yy 
tJS2 1 ttii^ I nP% 1 0 0 nm. nMi^V'y Kg 5 ©A 1 o. 47 1 no. 53 As 
?:5 0 0 nm. Sit© 3 i: J^J: / > K-^A 1 0. aeGao. 21 I no. ssAs^ 1 0 
0 nm. *&^^©;^cJ:i^^i^— /j:*^ K 'y 2 ^ 1 ?S'I4J1 3 / > K- 
■7°A 1 0. asG ao. 21 I no. 53A s <lr 1 0 0 nm> %>M^'7^y KiS 6 ©A 1 0. 47 I 
no. BsAstrS 0 0 nm. pMl nPjS2 2 ^ 2 //m^jig<^^ft$-frfc„ 

7Tli2 1 © I nPS:)^r>'pMl nPjS2 2 ti. 5 6 2 0°CtrJi 

^'^^iy^')vmM^'^fzo ttz^ /s«^K'y M^2li. ^l^llttc 
5 3 OX:x-^\:^^^iyvJmm^'^fZo ^mmZttJi^Alo. aoGao. 2. I no. 
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53AsjgS:0'7v>y KJ15, 6 ^'^t'SA 1 0. aeGao. 21 I no. 53As^«^ 6 8 
5 tmmz/'^^yyrm 2 l ® I nPm^f$.^^-^fz'^X-^ TM I nOD#^ 

m^TMAl tTU In tUz S (iH^-i^r-r) ^{ft^U n 7 Kil 5 ^nc-S 
A 1 0. 47 I no. 53AS ^ 5 0 0 nm^:^^-^, TB A s ^^^LUib^ibTUA 1 
TMIntHz S (m^W) ®{±t^^lhi6/-c„ F;T^OB#^1©^ilt^(::, TMA 
1 . TEG a, TM I n^#t^L. A 1 0. G a 0. 2 ■ I n 0. 53 A s ^ 1 0 0 nm 
J?^S$-a:^ TMAl, TEG a, TM I nOiit^^^lhi^/cio <^^{J:> TBAsti-?- 
<^**^L;^i*^*^. ^?r6 8 0t>6>^>5 3 OV^xm^^-^tZo 5 3 OlC^t? 

i^S^^i ^ffl i.^T, 5 3 0 °C I n A s F «y h JS 2 a ^ 1 llffM b 

TBAs^m^i^m^i^mm^b 3 oic/&^^6 8 ot^T'^^au. m^ruA 1 

, TEGa, TM I n^#^^L. ?g'|4M3 iiJ^C^A 1 0. 26Gao. 21 I no. 53AS 
^1 0 Onm^«$-frfco TMAl, TEGa, TM I n<^{±t|^^ihi6. 

F;f^coB#rB^®^-t:\ TMAl tTMIni:DEZn (HI/XN-fr-r) ^#t^b. pM 
^"7 -J h^m^tta^A 1 0. 47 I no. saAs ^ 5 0 0 n $ -ar/io 

TMA 1 ^TMI ntDEZn(Dm^^±ib^ ^?ag$r6 8 O'CTb^^ih 
6 2 O'C^T-l^m^-ar. 6 2 0'C{::j^j:o/-c^;^T-TB A s 1 # 

mi-, mmms tmmizj>m.i npmz 2^2 umfo^^^-\ttz. ^1^7?. ^i^i- 

t^m^h'y bS2 , ^StiiSS ^:^cj:-i.A 1 0. aeGao. 21 I no. 53AS®, pM^7 
y KJ16 ii^^K'SA 1 0. 47 I no. izAs (D}$tm^mt'tniz^\^m< 6 8 O'C^i^^ 

:7 7>y Kjl5. 6 OA 1 o. 47 I no. saA s ^?g'l±Ji 3 ©A I o. 26 G a o. 2 1 I n o. 
i,As to:)Bm^(D:r.^)]y:^-m (AEc) :)^t;jffim?^ C[>Ji4^;U^ 
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-m (AEv) ti, ^n^-n. 2 3 Ime V, -4 OmeV^^^^o nc*?, mi^ 
*5i^r I nAs©;p:i^-fd:M?K'y hoa?2i^£t±8 0 4 me V ^ bT^bTV^ 
^OAEcO^gti. i?7'yK^5. 6^. I n o. ss G a o. ^ . A s o. saP o. n 

6 1 0. 4oGao. 08 1 no. 0. szAs ^t"'Sc:i:^)-^^'i)„ ei(5Dii'^{z:ti^ AE 
c:Rt;AEv{i> ^n^'tll 5 2ineV, 9 2meytU^, :l(D^^IZ^ ^=7 
•V 5 , 6 U-if r-f K 2 0 ©BfMoDJft'l^Ci'a'^-ti-Tii 

— ±i5cOi:7^«y KJi5. 6coA l o. 47 1 no. 53AS ^?S'tt^3 0A 1 0. 26 
Gao. 21 I no. saAsli^ Vi^^;6>*As7^cttt?*^<7)-e^ Gax Ini-x As 
y Pi-y ©cfe-Ol-MOCVD^^RB^tiVi^TC^tDAs ^POj^m^lJI^^^f -^i^^ 
-ttz^ 3 c^A 1 0. 2 6 G a 0. 2 1 I n 0. 5 3 A s i:, :?^±|I— fj;*^ K 

•y h-e^^ I nAs t(DWmiz^\r^x hVmyxmtLXAs L7b-^m^^-f3:\^>(DX\ 

^=^uif(Dm(oh(oxmf^i.xh^\,\ ttc^ ^mM<Dmmm{^^^^xit. mm 

■r'S»^t::^&?M^^^^^^^Ln^^,^M?K'y b^LTI nAs^Gax In,-, As 
. ^y)U^y'ummtl.XitA 1 0. 47 I no. ssAs i:Al o. aoGao. 2. I no. 53 
Astj:if(Dm^^h-^t^m.m\^X\,^^^\ H|^<kt;¥##:^^tr{to I I I- 
Vm^tl¥«^. I I - V I Mb^J^^m. I V-V I 
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W ^ <^ |g H 

1 o ^ tii^^;6N'M''ci: ^<t-^m^mi^t^ hf^h ^i^— K 'y h iy^ % ti 

5. tulBM^ K ^y h ti. InAs^fcliGax In,-x As (Clil-e. 0 
< X ^ 0 . 6 ) T** 0 . 

Ma^S-lSJlti. InP. AK In,-x As x=0. 2 7~0. 6 

5T?$,0. >6^o. m^tziJtj-^^^iJ^^ii^N'O. 9 5eV~l. 9eV). Ga^ 
I n,-x Asy Pi-y 0<x< 1 -e^O. 0<y< l -e*-!., ) , A 

4 2 



PCT/JP2003/007577 

luGav IhwAs (c.^-^^ u + v + w= 1-^$)*)^ Tb-^-o^ M^lzisif^hM 
^J=^i|ii;6^* 0 . 9 5eV~l. 2 eY) (D^tit^ 1 -:>x-i>^;i t^i^ft^^ m 

6 . Huia:^j^-nj:«-? K y m^^m-r^^^mimmm^com^it i n p 

HUIHS^ K'y ht±I nAs^/c^Gax In,-, As (SLZX\ 0<x^0. 
6) ■^$>0. 

MIB^I^jitiA 1 X I n.-x As (z:lx\ x = 0. 27~0. 4 O-^feO^ 
j6^-:3. :^?a{3*5tj-^^$iJ^itiS;6>' 0. 95eV~l. 24eV) *fctiA 1 „ G a 
V Inw As (iiei-e^ u + v+w=l-efeO. ^^-o, ^^{c:4bnj-«I.^^J^i(iS:6^' 
0. 9 5 e 1 . 2 4 e V) 

mBC^^y KM{i:Alx In,-x As (Cici-e, x = 0. 4 2-0. 4 8 1?^ 
0 . :6>-^, :^?S{3^nj-^^$iJ^itiS^>' 1. 3eV~l. 46eV) ^tcltA I , G 
ay InzAs (dd-e^ x + y + z= 1 -e^O. ^ig{j:*5Ct-5^$i|^iIi 
3eV~l. 4 6 eV) ■r'$,^c:t$:J|^iSri:-r^, ^^:^2*^^5®'^5rn 

imt-t^. ^i^-^j: K 'y b ^W•r^^##:^^^t^ffl^,>/c^^^5'V;t- 
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9. nm^^mim'i'm^imtLtjis^^-^i^—fjim.'f'h^y h^^-r^^m 
m^^fzm^r^yt-h\ 

As^fctiGax Ini-xAs (z:!^^ 0<x^0. Q) x^^z.t^S^m.t 

1 3. ty|3«^K>y hli, InAs^tzltGa^ Im-, As (c:^T% 
0<x^0. 6)-^^0^ 

Me^'ttJlti. InP, AU In,-x As (C^T% x=0. 2 7-0. 6 
SX^^. t>-^-r:>. m.^l:im-f;i>mm^m^^O. 9 5eV~l. 9eV). Gax 
In,-x Asy P,-, (:lz.X\ 0<x< lx:^<0. 0<y< 1 1?^^, ) , A 
lu Gav Inw As C^:zi?^ u + v + w= 1 0> ^igtc^jtt^M 

4 4 
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^j^ips^^^O. 9 5eV~l. 9 eY) (DnMsi^x-^^hHt^nmti-^^ m 

9 t> 1 2 <DnmHztm(D:^m-tm^ k y h ^m-t^^mmmmm^ 

1 4 . mmm^y-( :t- KcoS^ti I n P -eS) 0 . 

Syi3«?H'i/ htil nAs^/itiGa, In.-xAs (iliiT% 0<x^0. 
6) X-^i)^ 

mB^^itAly, I n,-x As (^d-e, x=0. 2 7-0. 4 0-??cfe0. 
5i»^-^. M^^3*^^t'l>»J^^IS^^' 0 . 9 5 e V~ l . 2 4 e V) ^fzltA 1 „ G a 

V inwAs u + v+w= m^a^3*5^j•^^$lJ^lJg;6^' 

0. 95eV~l. 24eV) -^^0. 

*fc(iM#;6^'M/J:^<b^^^i»#;6^^.ni:^:^±|-fd:«^ F-y F*^^?^^$nT^,^ 

mmit^m^^tz^m^\^-'^r-f:i-~ Fo 
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wo 2004/055900 



PCT/JP2003/007577 



1 8. MB^^b— »fi5r^;t-K©S^BiI nP-e^O. 
mria*?K«y htil nAs*;^ctiGa. Im-. As (iliiT^ 0<x^0 
6 ) 0 . 

tai2?S'IM{±A 1. In.-, As (ci^-rNx = 0. 2 7-0. 4 0T*^0. 
^^g(J:*5l^^»iJ:^|s;6>*0 . 9 5 e V~ 1 . 2 4 e V) ^tcltA I „ G a 

V InwAs u + v + w= I-efeO. 56^o. :^S{i:*Jl:J--g,^$iJ0i|S;6>' 

0. 9 5 e V~ 1 . 2 4 e V) 

mBC^^y K^Al. I n,-. As Clui^^ iiciT'. x = 0. 4 2-0. 
4 8 T*fe 0. >6^o, :^?a{^:*5^^^^Slm^^gJ6^* 1 . 3 e V- 1 . 4 6 e V) . ^fc 
Alx Ga. I n. As x + y + z = 1 1?^ 0 > M^lz^ 

if^mmmm i . 3 e v~ i . 4 e e v) -t?*^ :i i 
m^m 1 5 ;6^^ 1 8 mmo:)^m-fm'?- F^y h ^mir^^mimmmM^m^^ 

*^ K«y hm^m-t^^^^t^ 
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2 3 . mB^m^jmm^<Dmmit i n p d , 

miaa^K^y hlilnAs^fctiGax In,-, As (;ieiT% 0<x^0. 
6) T'*)0. 

tulHSttSfiAU In.-, As (ilii^. x=0 2 7~0. 4 0T«*0.*^ 
■o. m^a{^:*>^^^^^J:^l|i;6^^0 . 9 5 e V~ l . 2 4 e V) *^cliA U 
Inw As (c:ciT% u + v + w=lT'*0> M^a{^:^5^j■'i.m§|J^|^Ii;6^* 0 
. 9 5 e V~ 1 . 2 4 e V) -e^O. 

t?i3^^>y KStiAK I n,-x As (iICT% x = 0. 4 2-0. 4 8"^^ 
0. ^lS{i:*5lt^m^J^i|ii;6N^ 1 . 3 e V~ 1 . 4 6 e V) . ttzit^ A 1 
X Ga. In, As (d^T-. x + y + 2= 1 0. ;6^-p. m^(3:}bnj-<|,^aij 
^toM. 3eV~l. 46eV) T*$,^d^^#^^-r^^ |^^Ig20>6^^,2 

m^2 0 *>^> 2 3 (Di5jnMiitm<D^i^-tm^ k ^y b ^w-r^s^^ii^^^ 
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2 5. ^±^-;^i:g^K'V h^?^^W1-^¥^#:^aCDMit7^^feT'$>-:?T, 
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